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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fiber 
for an endoscope which is capable of 
suppressing the color drift and color smear 
generated in accordance with the difference in 
wavelengths of incident light by forming the fiber 
to an image guide length nearly equal to the 
length integer times the least common multiple 
at the reimaging distances corresponding to the 
plural wavelengths. 

SOLUTION: An optical fiber of a refractive index 
distribution type is used and the image guide 
length thereof is made nearly equal to the length 
integer times the least common multiple (L0) at 
the in the reimaging distances (L1, L2 and L3) 
respectively corresponding to the plural 
wavelengths selected from the used wavelength 
regions. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A fiber for endoscopes characterized by the image guide length being 
almost equal to an integral multiple of the least common multiple in re-image 
formation distance respectively corresponding to two or more wavelength light 
selected from using wavelength regions in a fiber for endoscopes using a 
refractive-index-distribution type optical fiber. 

[Claim 2]The fiber for endoscopes according to claim 1, wherein said two or more 
wavelength light consists of three component lights and performs achromatism in 
apochromat to these 3 ** component lights. 

[Claim 3]The fiber for endoscopes according to claim 2, wherein said three 
component lights are R component lights, G component lights, and B component 
lights. 

[Claim 4]The fiber for endoscopes according to claim 1, wherein said two or more 
wavelength light consists of two component lights and performs achromatism in 
achromat to these 2 ** component lights. 

[Claim 5]The fiber for endoscopes according to claim 4, wherein said two 
component lights are component lights of wavelength equal to average value of 
wavelength of any one component lights of R ingredient, G ingredient, and the B 
ingredients and component lights of a complementary. 

[Claim 6]An endoscope apparatus using a fiber for endoscopes of a statement for 
any 1 paragraph of the claims 1-5. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to refractive-index-distribution type 
the fiber for endoscopes and endoscope apparatus using an optical fiber especially 
about the fiber for endoscopes, and an endoscope apparatus 
[0002] 

[Description of the Prior ArtjBefore, refractive-index-distribution type the fiber for 
endoscopes and endoscope apparatus using an optical fiber are known. As for a 
this refractive-index-distribution type optical fiber, refractive index distribution 
changes from a medial axis in the shape of radiation mostly radially toward an edge 
part. 

While incident light moves in a zigzag direction in sine wave shape focusing on a 
medial axis, it is transmitted to an optical axis direction. 

[0003]In such a refractive-index-distribution type optical fiber, different refractive 
index distribution little by little to each wavelength will be given, and incident light 
has the meandering pitch which changed with wavelength. Therefore, re-image 
formation distances differ according to wavelength, and a color shift and color 
NIJIMI occur in a projection surface. For this reason, when using a white light 
source, resolution will decline remarkably. The valuation plan which gives a 
chromatic aberration to a refractive-index-distribution type optical fiber is shown 
below. 
[0004] 
[Equation 1] 



[0005] However, the medial axis of difference n Q of the meandering pitch in the 
meandering-pitch deltaP:C line in a P:C line, and an F line, and an n d :optical fiber 
and refractive-index nu Q of an edge part, nu d : The medial axis of an optical fiber, 
and the Abbe number of an edge part [0006]lf the value of the right-hand side 
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becomes small so that more clearly than the above-mentioned valuation plan, the 
gap of a meandering pitch based on a difference of the wavelength of incident light 
will also become small, and a chromatic aberration will be reduced. The meandering 
pitch of incident light is proportional to the refractive index of the radial direction 
of an optical fiber, and the relation of an Abbe number. Therefore, it becomes 
possible by controlling the radial refractive index and Abbe number of an optical 
fiber to perform achromatism inside an optical fiber. 

[0007]By the way, as art of manufacturing a refractive-index-distribution type 
optical fiber from before, When electronic polarizability includes in a fiber the big 
univalent ion which is the degree of diffusion greatly, contacts this at the fused 
salt and the elevated temperature containing ion with small electronic polarization 
and makes an ion exchange reaction cause, there is a method of manufacturing an 
optical fiber. 

[0008]Here, in order to make small the value of the right-hand side of the above- 
mentioned valuation plan, using K as ion with small electronic polarization is known, 
using Cs ion as big univalent ion which electronic polarizability is large and is the 
degree of diffusion. Thus, it is supposed by using combining Cs ion and K ion that it 
can be considered as the refractive-index-distribution type optical fiber by which 
the chromatic aberration was reduced. 
[0009] 

[Problem(s) to be Solved by the Invention] However, although image guide length 
functions effective in the achromatism of the short fiber which is about 130-180 
mm, the Prior art mentioned above becomes difficult [ it / to cancel the color shift 
and color NIJIMI in a projection surface ] as image guide length becomes long. 
[0010]Even if this invention was proposed in view of the situation mentioned above 
and is when image guide length is long, It aims at providing refractive-index- 
distribution [ which can control the color shift generated based on a difference of 
the wavelength of incident light, and color NIJIMI ] type the fiber for endoscopes 
and endoscope apparatus using an optical fiber. 
[0011] 

[Means for Solving the Problem]In a fiber for endoscopes using a refractive-index- 
distribution type optical fiber in order that a fiber for endoscopes concerning this 
invention might attain the purpose mentioned above, The image guide length is 
characterized by being almost equal to an integral multiple of the least common 
multiple in re-image formation distance respectively corresponding to two or more 
wavelength light selected from using wavelength regions. 

[0012]Said two or more wavelength light can consist of three component lights, 

and can perform achromatism in apochromat to these 3 ** component lights. 

[0013]In this case, it is possible as said three component lights to use R 

component lights, G component lights, and B component lights. 

[0014]Said two or more wavelength can consist of two component lights, and can 

perform achromatism in achromat to these 2 ** component lights. 

[0015]In this case, it is possible to use component lights of wavelength equal to 

average value of wavelength of any one component lights of R component lights, G 

component lights, and the B component lights and component lights of a 

complementary as said two component lights. 
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[001 6]A fiber for endoscopes which consists of composition mentioned above was 

used for an endoscope apparatus concerning this invention. 

[0017] 

[Embodiment of the Invention]It explains in detail, referring to drawings for one 
embodiment of the endoscope apparatus concerning this invention hereafter. An 
explanatory view for drawing 1 to explain the principle of the fiber for endoscopes 
concerning this invention and drawing 2 are the sectional views of the endoscope 
apparatus using the fiber for endoscopes concerning one embodiment of this 
invention. 

[0018]In the endoscope apparatus 6, the fiber 1 for endoscopes concerning one 
embodiment of this invention is allocated and used between the object lens 2 and 
the eyepiece 3, as shown in drawing 2. In the wrap covering pipe 4, the light guide 5 
for lighting is accommodated with the fiber 1 for endoscopes in the fiber 1 for 
endoscopes. The endoscope apparatus 6 is not restricted to the thing of the 
gestalt shown in drawing 2 , but the fiber 1 for endoscopes applied to the 
embodiment of this invention also to the endoscope apparatus which consists of 
other gestalten can be used for it. 

[0019]This fiber 1 for endoscopes is constituted using the refractive-index- 
distribution type optical fiber. In such a refractive-index-distribution type optical 
fiber, since different refractive index distribution little by little to each wavelength 
will be given, incident light has the meandering pitch which changed with 
wavelength, and re-image formation distances differ according to a difference of 
wavelength. 

[0020]For example, about three component lights selected from using wavelength 
regions, comparison of the re-image formation distance will change one unit L 1 of 

re-image formation distance, l_ 2 , and l_ 3 for every component lights, respectively, 

as shown in draw ing 1. For this reason, when the image guide length of the fiber for 
endoscopes is made into arbitrary length, in a projection surface, all component 
lights do not carry out re-image formation. When the re-image formation position 
of each component lights shifts, a color shift and color NIJIMI arise in a projection 
surface, and it becomes impossible therefore, to acquire a clear image. 
[0021 ]For this reason, in the fiber for endoscopes concerning this embodiment, one 
unit L 1 of the re-image formation distance of each component lights, L^, and least- 
common-multiple L Q to l_ 3 were calculated, and it has set up so that image guide 
length may serve as an integral multiple of this least-common-multiple L^. 

According to the use of an endoscope, as long as image guide length is an integral 
multiple of one unit of the re-image formation distance of each component 

lights, l_ 2 , and least-common-multiple L Q of L g , he may set it as what kind of 

length. 

[0022]Thus, by making image guide length into the integral multiple of one unit 
of the re-image formation distance of each component lights, l_ 2 , and least- 
common-multiple L n of L q , in a projection surface, all the component lights can 
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carry out re-image formation, and a clear image without a color shift or color 
NIJIMI can be acquired. 

[0023]R component lights, G component lights, and B component lights can be 
used for three component lights mentioned above, for example. In this case, 
achromatism can be performed in apochromat to R component lights, G component 
lights, and B component lights. 

[0024]The number of the component lights used in order to ask for the least 
common multiple may not be restricted to three, but may be two or four or more. 
For example, when using two component lights, achromatism can be performed in 
achromat using the component lights of wavelength equal to the average value of 
the wavelength of any one the component lights of R component lights, G 
component lights, and the B component lights and the component lights of a 
complementary. 

[0025]The component lights used in order to ask for the least common multiple are 
not restricted to R component lights, G component lights, and B component lights 
which were mentioned above, but arbitrary component lights can be used for them. 

[0026]Next, in the fiber for endoscopes concerning this invention, the concrete 
method for determining image guide length is explained. The fiber for endoscopes 
concerning this invention is constituted using the refractive-index-distribution 
type optical fiber, as mentioned above. Therefore, incident light has the meandering 
pitch which changed with wavelength. 

[0027]In a refractive-index-distribution type optical fiber, if the refractive index on 
an axis is made into n Q and the refractive index in the position of the radius r is set 

to n (r) from an optic axis, refractive index distribution can be expressed with the 
following formulas. 



However, g: A refraction factor distribution coefficient, therefore the refraction 
factor distribution coefficient g [0029] 
[Equation 2] 



[0030]It becomes. 

[0031]Here, if it is refractive-index n Q =1.52 on an axis, refractive-index n-1.42 of 

an edge part, and the radius r- 1 from an optic axis to wavelength lambda Q , it will 

be set to refraction factor distribution coefficient g Q =0.357, for example. 

[0032]It will be set to refraction factor distribution coefficient g 1 =0.380 if it is 

refractive-index n^l.60 on an axis, refractive-index n 1 -1.48 of an edge part, and 

the radius r- 1 from an optic axis to the wavelength lambda. 
[0033]Meandering pitch P of incident light can be expressed with P=2 pi/g. 
[0034]Therefore, difference deltaP of an image formation position is set to "0" to 
lambda n and two wavelength of lambda by choosing image guide length who 



[0028]n 2 (r) =n Q 2 (1-g 2 r 2 ) 
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becomes meandering pitch P Q to wavelength lambda^ and an integral multiple of 

the least common multiple of meandering pitch P to the wavelength lambda. 

Difference deltaP of an image formation position can be made very small also to 
wavelength near the two wavelength, lambda Q and lambda. 

[0035]namely, P Q and A=2piA/g Q and and B-2piB/g.| — however, A, refraction 

factor distribution coefficient g 1 in B:integer g Q :wave!ength lambda Q : by setting it 

as image guide length who becomes a refraction factor distribution coefficient in 
wavelength lambda^, an image formation position to Iambda Q and two wavelength of 

lambda, and wavelength near such wavelength — about — it can be made to do 
one 

[0036]It will be set to P Q andA=17.6A and P and B=16.5B if it calculates by making 

a significant figure into triple figures in an example mentioned above. 
[0037]Here, since it is 176=16x11,165=15x11 when it asks for the least common 
multiple of "176" and "165" which increased "17.6" and "16.5" 10 times, 
respectively, 16x15x11=2640 becomes the least common multiple. 
[0038]Therefore, what is necessary is just to set up image guide length become an 
integral multiple of "2640." In this case, a good picture without a color shift and 
color NIJIMI in a projection surface can be acquired to incident light near lambda, 
lambda Q , and such wavelength by image guide length of a fiber for endoscopes 

being 2640 mm, 5280 mm, 7920 mm, etc., for example. 

[0039] However, depending on a digit number and a numerical value of a significant 
figure, the least common multiple may serve as a remarkable huge numerical value. 
In this case, as shown in drawing 3, practically sufficient prosaic effect can be 
acquired by using a solution that lambda and difference deltaP of an image 
formation position of two wavelength of lambda Q enter within the limits of a 

permissible circle of confusion, as the least common multiple. 

[0040] Difference deltaP of an image formation position can be expressed with the 
following formulas. 

deltaP=L~P 0 ~M-P 1 however L, meandering-pitch P^ to M:integer P Q :wavelength 

lambda Q : A meandering pitch to the wavelength lambda [0041]Image guide length is 

set up by an example mentioned above explaining an arithmetic method in a case 
of asking for the least common multiple based on a numerical value of imagination, 
and choosing proper component lights out of a using wavelength region actually. 
[0042]A fiber for endoscopes concerning this invention can be formed using glass, 
plastic material, etc. A fiber for endoscopes concerning this invention is good also 
as what has rigidity, and good also as what has flexibility. 
[0043] 

[Effect of the Invention]Since the image guide length is almost equal to the integral 
multiple of the least common multiple in the re-image formation distance 
respectively corresponding to two or more wavelength selected from using 
wavelength regions according to the fiber for endoscopes concerning this invention 
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as explained above, In a projection surface, the light of each wavelength can carry 
out re-image formation, and a good image without a color shift or color NIJIMI can 
be acquired. 

[0044]Achromatism can be performed good by performing achromatism in 
apochromat to three component lights. In this case, in the whole using wavelength 
region, achromatism can be performed good by performing achromatism in 
apochromat using each wavelength of R component lights, G component lights, and 
B component lights. 

[0045]Since the operation of the least common multiple in the re-image formation 
distance respectively corresponding to each component lights becomes simple by 
performing achromatism in achromat to two component lights, manufacture of the 
fiber for endoscopes becomes easy. In this case, in the whole using wavelength 
region, achromatism can be performed good by performing achromatism in 
achromat using the component lights of wavelength equal to the average value of 
the wavelength of any one the component lights of R component lights, G 
component lights, and the B component lights and the component lights of a 
complementary. 

[0046]According to the endoscope apparatus concerning this invention, a good 
image without a color shift or color NIJIMI can be acquired. 



[Translation done.] 
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